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P E T E R  S COTT  
PROGRESSIN MICROPHOTOGRAPHY for library 
applications may be likened to the building of a bridge. Pillars rise out 
of the valley and this is promising, in a way it spells progress. Yet until 
the bridge is completed we cannot use it, and if we look closely we 
see that the pillars are not growing at an equal pace. The complete 
integration of microphotography into the library requires the bridge 
to be finished. If names were to be given to the sections of this bridge 
they would read as follows: 
1) Microfilm Equipment 
2 )  Materials 
3)  Public Education 
4 )  Systems Study 
5) Research Activity 
6 )  Standards 
Vannevar Bush is credited with the suggestion that the reader of a 
microfilm hold a book in his lap and turn the pages from time to 
time. Public education in the use of microphotography which is dis- 
cussed elsewhere in this issue of Library Trends is one of the least 
developed "pillars" of our bridge. 
The public no longer rejects all microforms but any reader is justi- 
fied in refusing to accept bad films, poor reading machines, and limited 
systems, and it will be necessary to prove to the potential user that 
microfilm systems have matured before they will be widely accepted. 
Figure 1 shows the basic microforms and indicates the organiza- 
tion of this article. It is important to note that all current production 
methods for micro-opaques involve the prior creation of a micro-
transparency. This fact and certain limitations in equipment and 
materials make the micro-opaque essentially a method of publication. 
Mr. Scott is Head, Microreproduction Laboratory, Massachusetts Institute of 
Technology Library. 
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Small volume publication by micro-opaque is more than feasible it is 
desirable, but in the author's opinion there is little to recommend 
the micro-opaque for making single copies. One- can envision tech- 
nological advances which would eliminate the transparency as an 
intermediate to the opaque. Then the micro-opaque might become 
an effective competitor to the transparency as a single copy medium. 
On the other hand the transparency is economically no match for the 
opaque in small or large publication upward of about twenty copies. 
In the matter of suitability of the various microforms for library 
application one cannot improve on V. D. Tate's excellent table (Fig. 
2) which previously appeared in the April 1955 issue of Library 
Trends. Since it was first printed there have been some technological 
changes which are reflected in slight modifications of the table made 
with Tate's approval. 
In the introductory paragraph it was stated that the successful 
integration of the micro-image into the library required simultaneous 
effort in various fields. The unequal development of the various com- 
ponents, all of them vital to the concept of microphotography, has 
unnecessarily limited the present usefulness of this medium. There 
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have been technical improvements in cameras, readers, and photo- 
graphic materials without commensurate advance in the service which 
microphotography can render to the library. The most serious short- 
coming of microphotography in the library lies in its systems de- 
velopment. 
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The word system is used here to denote a complete answer to a 
need. I t  presupposes a thorough analysis of this need. I t  may include 
only a reader and a roll of film, but it is more likely to consist of 
equipment, a suitable microform, proper storage provisions, an in-
dexing system, means for speedy filing and retrieval, means for fur- 
ther duplication or fragmentary re-enlargement, user instructions, and, 
most important, standards. 
Considering the obvious potential of reduced size data in the li- 
brary, the present state of microphotography may be regarded as 
embryonic. The lack of systems has led many to a state of disillusion- 
ment, to a feeling that no more may be inherent in micro-methods 
for the benefit of scholarship. Nothing could be further from the truth. 
While in commercial application the development of a microfilm 
system is a matter of careful analysis of specific requirements fol- 
lowed by the development of custom-designed equipment, material, 
and special methods, the library is generally faced with the need for 
adaptation of existing equipment, and with the impossible job of re- 
shaping alien systems to its own requirements. This cannot be very 
successful. 
Libraries must start with their own unique systems. One of these 
may be aimed simply at storage space reduction but with retrieval 
characteristics superior to those provided by present roll film methods. 
Another system will be intended to provide copies quickly and eco- 
nomically on request in lieu of a loan. A further system will be de- 
signed as a method of publication. A system may be the answer to 
several needs, but a feeling has always been prevalent that one sys- 
tem should contain all the advantages of microphotography while re- 
taining every functional aspect of the book. This is asking too much. 
Librarians should incorporate whatever commercial equipment fits 
into their systems, but will have to demand additional special equip- 
ment and supplies as they require them. 
Designers and manufacturers are quite naturally lured first to the 
potentially greater profits of equipment designed for commercial 
application. While there is room for improvement, the basic needs 
of industry with respect to microphotography of checks, records, and 
engineering drawings have been met and manufacturers are showing 
more interest in additional markets now than ten years ago. One such 
market is the library. An examination of current library microfilm 
systems reveals only two, and these hardly worthy of the name sys- 
tem. One is a limited system based on 35 mm. roll film, with good 
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facilities for production, reproduction, and enlargement, but very poor 
facilities with respect to retrieval, and insufficiently governed by 
standards. The other is built around the micro-opaque. The micro- 
card, the Readex Microprint card and, in the legal library, the micro- 
lex card are better than roll film for filing and retrieval and come 
closer to being a system than any other microform, but it is a system 
restricted to consultation of published material, impractical as a means 
of making a few copies only, difficult to reproduce and not sufficiently 
controlled by standards. Beyond this there are no widely adopted 
library systems. 
In the following pages each division of microphotography is dis- 
cussed separately with comments on the status quo and developments 
in equipment, materials, systems, and standards peculiar to that micro- 
form. An exhaustive treatise on this subject would fill a book. It has 
been necessary therefore to omit some processes which at the time 
of writing seemed less important. 
Roll film is available in 16, 35, 70, and 105 mm. widths, although 
it is questionable whether 105 mm. qualifies for the name micro-
photography. A continuous ribbon of film is normally stored one 
hundred feet to a reel and housed in a small cardboard box. These 
boxes may be stored in special microfilm cabinets or kept on shelves. 
In the library 35 mm. roll film is used to almost the complete ex- 
clusion of all other forms of microtransparency. If a one hundred foot 
reel is completely filled, excellent savings in storage space are achieved. 
However, since a standard microfilm box occupies a fixed twenty-four 
cubic inches, considerably less storage space reduction is achieved if 
the reels are only partially filled with film. In an extreme case, as for 
instance the filming of leaflets less than thirty pages in length and 
without hard covers, microfilming and storage of the film on one 
hundred foot reels in individual boxes would achieve no saving in 
storage space whatsoever. 
There are three primary reasons why a library would add roll 
microfilm to its holdings: 
(1) the material is published in that form as an economy measure; 
(2)  the microfilm constitutes a master copy and positive film is sup- 
plied to users in lieu of loan; and (3 )  to reduce storage space. It is 
obvious that a minimum amount of film must be on each reel to justify 
the use of roll film on the latter basis. 
A major disadvantage of roll film has always been the difficulty 
in locating specific items of information on a long roll of film. While 
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a book may be opened at a specific page quickly, direct, fast access 
to data on roll film has never been possible. Moreover, most roll films 
are not properly indexed. 
Although it has been regarded as satisfactory for commercial appli- 
cations involving only occasional reference to the film, 16 mm. micro- 
film has been considered inadequate for recording of material intended 
for reading and study. It will be entirely possible to utilize 16 mm. 
film as soon as better cameras and readers for this purpose are de- 
signed, and further development of 16 mm. systems may be antici- 
pated in the near future. 
While the use of 16 mm. film with currently available equipment 
would be premature, 35 mm. appears to be entirely adequate for the 
reproduction of all normal library holdings. It is conceivable that 
70 mm. systems for microfilming of large maps may be an advantage 
in specialized libraries, but in this application also 35 mm. usually 
will be adequate. The main use of 70 mm. film has been in the engi- 
neering drawing field although it has not been used extensively. It is 
difficult to envision any need for 105 mm. roll film systems in the 
library. 
From the earliest uses of 35 mm. roll film in the library it has been 
obvious what improvements are required and the following pages 
contain an examination of recent technological advances in equip- 
ment, materials, and standards to determine whether they have en- 
hanced the usefulness of roll film in the library or have the potential 
to do so. Approximately sixty different microfilm readers and viewers 
are currently available, and a study of these machines, and of the list 
of reading devices for micro-images, past and present, published by 
Rutgers University Graduate School of Library Service last year re- 
veals that the preponderance of readers in no way reflects a great 
variety of technical principles. The best readers available are all 
entirely adequate in their optical properties and the image is sharp 
and legible. 
Placement of the reel on the reader continues to confound many 
users. This is partly due to the complex threading operation necessary 
on some readers. With the majority of the better readers which have 
a relatively simple threading system the difficulty may be attributed 
to a lack of public education in the use of these machines. Standard 
methods of spooling film on reels exist but are frequently ignored. 
The observation of these standards and prominently posted thread- 
ing diagrams on each reader are essential. 
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One brilliantly designed new reader which does not merely simplify 
threading but eliminates it deserves special mention. This is the 
Lodestar made by Kodak and available through the Recordak Com- 
pany or Recordak dealers. I t  is a 16 mm. reader only, which is re- 
grettable, but otherwise it has everything one might want in a reader. 
Film used with the Lodestar is placed permanently into a maga-
zine which serves as storage box. When the film is to be read, an inch 
or two of film leader is pulled from the magazine. The introduction 
of the magazine into a slot on the side of the reader automatically 
turns on viewing lights and a drive motor. No further threading of 
the film is necessary. A lever controls the motorized film drive and 
after use the film is returned into its storage magazine without having 
been touched. The Lodestar also incorporates the Kodamatic index- 
ing system which is discussed below. This reader has the film handling 
characteristics needed in every reader. It is to be hoped that the con- 
cept will soon be extended to 35 mm. film. 
Micro readers may be divided into two basic categories: trans-
lucent screen reader and opaque screen reader. Either type lends 
itself to designs yielding good legibility. It is inherent in the trans- 
lucent screen design to produce readers with more comfortable screen 
placement, while the opaque screen approach is the more economical. 
Since there is a choice of technically adequate readers, the main 
clamor has been for less expensive and more portable readers. An ex- 
pansion of the roll microfilm system calls for a reading device, brief- 
case size at most, and priced in the general vicinity of $100. While 
no really compact reader for roll microfilm has been marketed, the 
best available are the Griscombe Portable, selling for about $180, 
and the German Lumoprint reader which costs approximately $350. 
Several less expensive readers resulted from a design by Bell and 
Howell. This company designed a reader intended to accommodate 
aperture cards for use in its own drawing offices. The design utilizes 
a 35 mm. slide projector which, being mass produced, provides a more 
economical projection system than most microfilm enlargers incorpo- 
rate. Bell and Howell decided not to market this reader but permitted 
others to use the basic concept. There are already two readers on the 
market based on this design, and others have been announced. The 
Webco viewer by Western Blue Print Company is designed for aper- 
ture cards or roll film, the Draftsman by Microdealers, Incorporated, 
is set up for aperture cards only but will have a roll-film attachment 
shortly. Both of these readers will be good economy additions to the 
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market, but neither one, despite manufacturer's claims, is actually 
portable. The individual, compact, portable, and inexpensive micro- 
film reader is still the major missing item in the library roll microfilm 
system. 
Perhaps the greatest deterrent to the use of roll microfilm has been 
the user's inability to move quickly from one section of the film to 
another and the necessity of having to stop a dozen times before 
finally pinpointing the desired item of information. A motorized film 
transport, and there are such devices, is not sufficient. There is a need 
for a new type of indexing system which would enable the user to 
scan the film rapidly and view an index while the film is in motion. 
The Recordak Company's Kodamatic Indexing System is a step 
in the right direction. Two readers, the Lodestar and the Recordak 
Monitor Reader BM-2, include a numerical reference scale at the 
edge of the screen. Both readers are designed for 16 mm. film only. 
The Kodamatic Index consists of black lines which are added to 
the micro-image of the material at the time of photographing. On 
the screen these black lines appear to run across the film behind the 
material photographed. When the film coded in this manner, is run 
through the reader at fairly high speeds, the code lines running 
parallel to the direction of the film motion appear sharply outlined 
while the images blur. Incorporation of the Kodamatic lines requires 
use of the Recordak Reliant 16 mm. Rotary Camera. To find a par- 
ticular item on the film, a catalog is consulted and the item number 
is ascertained. When the lines which move slowly across the screen 
as the film is advanced point to the desired number on the reference 
scale along the edge of the screen the film is stopped and the ap- 
proximate location of the wanted item has been reached. Unfortu- 
nately this system is currently confined to 16 mm. film, a size not yet 
adequate in every respect for library application. Furthermore, a 
numerical code system of this type, while it is an excellent step for- 
ward, does not meet the ultimate requirements of the library. A 
numerical code requires a reference catalog. Roll film systems should 
be provided which would produce a continually legible index while 
the film is in motion and this index should be in textual form. Tech- 
nical means are available to provide such a system with little increase 
in reader cost, and with relatively little extra labor in the prepara- 
tion of the film. A proposal for the development of a certain micro- 
film system providing such a continuously legible index, and enabling 
the producer of the film to put a considerable amount of information 
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into the index is being prepared at Massachusetts Institute of Tech- 
nology. The index in this system may be in the form of single words 
or sentences, numbers or code symbols, whatever is desired. Regard- 
less of whether this particular proposal finds favor or not an indexing 
system of this sort is absolutely necessary. Another benefit from this 
type of index will be that it will permit many more microfilm reels 
to be filled to capacity. Since a one hundred foot roll of film may be 
scanned rapidly by means of such a system and a motorized drive, 
there will be less need to store short items of related material on 
separate reels and the ultimate in storage condensation with 35 mm. 
film may be achieved. 
I t  will be argued that an even better method of retrieving material 
will be a pushbutton method of electronic searching. This is true, but 
electronic finding mechanisms involve a completely different eco-
nomic approach. A manual index-finder system could probably include 
readers, selling for $600 to $1000, and film whose preparation would 
be little more expensive than nolrnal microfilming is now. Any auto- 
matic selector such as that of the Rapid Selector or that inherent in 
the F.L.I.P. requires an investment of tens of thousands or hundreds 
of thousands of dollars. There is no doubt that there will be justifica- 
tion for both the small and the more complex systems which is dis- 
cussed later. 
One of the requirements of most roll microfilm systems is that it 
allows convenient re-enlargement from the small image back to stand- 
ard page size. I t  should be possible therefore to obtain paper enlarge- 
ments at  any time without removal of the microfilm from the reader. 
Only when re-enlargement of large sections of the film is desired is 
it practical to take the film to a darkroom for silver prints. For the 
occasional selected page, convenient reader-printers are necessary. 
Until recently there was only a makeshift manner of doing this. 
Opaque screen types of microfilm readers were used to expose a 
piece of diffusion transfer paper, which is used in q~aick copy ma- 
chines such as the Copease. This could be done in moderate room 
light. The paper was then put in contact with the positive diffusion 
transfer paper and the sandwich was put through the processing sec- 
tion of a rapid copy machine in the standard manner. This method 
required long exposures and the result was a poor copy laboriously 
obtained. A welcome addition to the market, therefore, was the 
Minnesota Mining and Manufacturing Company's Reader-Printer, a 
microfilm reading machine which contains a built-in quick enlarge- 
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ment mechanism. The machine can be used to read film (although 
it is not the most comfortable reading device) and when the page 
which is to be enlarged is found, the push of a button automatically 
prints a copy. The process involved is based on electrolytic principles, 
a new process in the photocopy field. The reader, which sells for 
$629, may be used for both 35 and 16 mm. film. If the film is reason- 
ably light, copies may be made with printing times as short as eight 
to ten seconds, but the versatility of the process is not yet sufficiently 
great to accommodate all film densities encountered in library hold- 
ings. Film containing blocked lettering is either not reproducible at 
all or may be enlarged with excessively long exposure times only. No 
doubt the near future will bring further technical improvement of 
this reader which will enhance its usefulness to the library. 
Several commercial machines, intended for reading and occasional 
printing of microfilm of engineering drawings, are based on monobath 
or developer-stabilizer principles and are too specialized for the li- 
brary. 
Kodak's Medalist reader has a monobath attachment selling for 
$40 which will process prints exposed in the reader, but the Medalist 
is a 16 mm. machine only. 
The Documat Company has announced a new reader-printer which 
will produce 8l/2 by 11 prints from 35 mm. microfilm. This reader 
which is promised for the last part of 1959 will use a developer-
stabilizer principle and will produce prints by the pushbutton method. 
A machine which is obviously required and which would appear 
to be feasible in the light of current technology is a microfilm reader 
incorporating an electrostatic enlarger. Experimental units of this type 
exist in the development divisions of several companies, but there has 
been no announcement that one of them is nearing the market stage. 
Librarians should demand this particular reader-printer which would 
be independent of chemical solutions and would produce good copies 
cheaply. The most likely process to be used for this purpose would 
be the Radio Corporation of America's Electrofax method. 
Since original production of microfilm in all major libraries is an 
inherent part of successful roll microfilm systems, it is necessary to 
examine cameras, film processing equipment, film duplicators, and en- 
largers also. Since the author does not envision any immediate major 
application of 105 or 70 mm. microfilm in the library, this discussion 
will omit the more recently introduced Micromaster and similar equip- 
ment. Declassified Atomic Energy Commission drawings have re-
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cently been recorded on 105 mm. film and some libraries acting as 
depositories for A.E.C. materials have accepted this type of film. The 
drawings are also available on 35 mm. film and in that form take up 
considerably less space. 
The 35 mm. microfilm camera market has seen only one interest- 
ing newcomer: the Microline camera. Other cameras have undergone 
little change for many years and although they are quite useable would 
profit from redesigning. The most widely used camera is the Recordak 
Model D which Eastman Kodak Company is now redesigning with a 
promise of the new model late in 1959 or early in 1960. 
Generally speaking 35 mm. cameras are fairly adequate but im- 
provements resulting in consistently sharper images will be welcome. 
The library needs several pieces of accessory equipment: a better 
manual book cradle and a book cradle which incorporates an auto- 
matic page turner. Another necessary item is an efficient small unit 
which would add identifying information to each frame photo-
graphed. Such a unit might be part of a new book cradle. 
The Lumoprint cameras are of interest since they incorporate a 
principle new to the microfilm field. This is an automatic exposure 
control device utilizing a photoelectric cell which reads the light re- 
flected from the copy and automatically adjusts the shutter speed 
compensating for variances in the reflection density of different 
originals. One of the two cameras available, the so-called MT/O 
camera, is intended for and most suited to microfilming of engineering 
drawings. This camera competes with the Eastman Kodak Model C 
camera. The other Lumoprint camera designed for microfilming 
smaller originals would be more suitable for library use. I t  incorpo- 
rates the same photoelectric cell arrangement and has a built-in book 
cradle, but lacks some of the practical attributes of the Recordak 
Model D camera, and its price of $5,300 is considerably higher. 
If the Microline camera could control exposure automatically, and 
produce good film consistently, the sacrifice of some of the con-
veniences of the Eastman camera and the additional cost might be 
justified. It does not appear, however, that the incorporated book 
cradle is sufficiently versatile and the automatic exposure control quite 
adequate for microfilming material for scholarly use. The design of 
a good exposure control unit should take into consideration line width 
of the text and contrast between background of copy and the text, 
not merely the over-all amount of light reflected from the copy as is 
the case with the Microline camera. The Lumoprint MT-1 camera is 
not quite good enough, but it moves in the right direction and with 
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some improvement will become extremely useful. There are a variety 
of other cameras, but none which incorporates any advanced design 
principles. 
General use of 35 mm. microfilm in libraries suggests the need for 
a portable microfilming kit. Over a period of years scholars have often 
made their own kits, consisting of a 35 mm. amateur camera, portable 
lights, and copy stand, arranged so that the components could be 
broken down and fitted into a small suitcase. No complete portable 
microfilming kit has as yet appeared on the market. The word "com- 
plete" here means camera, lights, copy stand, facilities to hold book- 
pages, and processing tank, so that the photography and processing 
can be done with equipment easily accommodated in a small case. 
Closest to this type of equipment is the recently marketed Copyflash 
manufactured by Camcopy, Incorporated. This has the necessary ex- 
posure features but lacks a processing unit. It incorporates a col-
lapsible copy stand, a frame which can hold down book pages and a 
circular strobe light which, it is claimed, will provide even illumina- 
tion. It also has its own power unit involving a dry cell battery. The 
author has not been able to obtain one of these units for experirnenta- 
tion and cannot comment on its mechanical efficiency, though its 
basic design is good. 
Since it is important to process the prints where the original ma- 
terial is located, a compact processing unit should be included. Silver 
film presents a special problem because of the transportation and 
preparation of developers and fixers and their dependence on fa-
cilities providing running water. Here the use of a monobath de- 
veloper which is a combination developer and fixing solution suggests 
itself. There has been a considerable amount of experimentation with 
monobath formulae, and indeed in many photographic fields excellent 
solutions have been perfected. In microphotography it has been a 
problem to develop a formula which would combine sufficient speed 
and high contrast with a low fog level, but it seems that perfection of 
such chemicals is imminent. This will not only facilitate design of 
portable camera-processing kits for microfilming, but should simplify 
laboratory processing. 
A film and monobath combination has recently been imported from 
Germany and is distributed by the Filmsort Company. The Cormack 
Company has marketed a number of monobath formulae for vari- 
ous photographic applications and has promised the addition of a 
microfilm developer to this series. 
Ultimately, a portable microfilming kit will be developed based on 
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dry-processed photographic materials. Further research in this field is 
necessary and no immediate solution appears to be possible. Although 
excellent dry processed materials are available in diazo film and 
Kalvar film, neither medium as yet has the speed and spectral charac- 
teristics to provide a solution to the portable microfilming kit. More 
of these films later. 
A machine badly needed is a good-quality low cost film processor 
selling between $4,000 and $7,000. A good commercial processor must 
provide even processing, archival washing of the film, and be reason- 
ably foolproof. The only thing which most library photoduplication 
services could sacrifice would be high speed processing. A rate of 
six feet per minute should be adequate for all but the large library 
laboratories. 
Although several machines priced from $8,000 to $15,000 are ade- 
quate in most respects, none is ideal. The ideal machine for a photo- 
duplication laboratory would be a good spray processor. A number 
of relatively inexpensive processing machines have recently appeared 
on the market. There is no point in looking at those which clearly state 
that they cannot achieve archival washing of the film. Of the others, 
the Unipro marketed by Remington Rand and selling below $2,000 
looks promising for small volume installations. Microfilm has to be 
processed at 89" F, in this machine and special solutions marketed 
by Remington Rand have to be used. The machine has not been 
available for testing and therefore cannot be evaluated here. 
Two other machines made in Holland recently have entered this 
country. One is the Recordak Microfilm Processor K 136 selling for 
just under $3,000. I t  is a darkroom operated machine of low speed. 
Processing controls are limited. The machine might do for a low-
volume installation where film quality is not too critical. The same 
evaluation would apply to another Dutch machine which reaches this 
country via the Lumoprint Company of Germany and is distributed 
through the Microline Division of the Ozalid Company as their 
MEA-6 processor. By virtue of their reasonable price both of these 
machines certainly will fit into some installations. In the final analysis, 
however, microfilm processing equipment for the library photodupli- 
cation laboratory is not satisfactory at this time. 
Excellent progress has been made over the last few years in the 
production of better, more versatile negative microfilm. A number 
of excellent microfilms are available. Type B Recordak film, which 
is the most recent Eastman Kodak addition to the microfilm market, 
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is considered outstanding for its latitude and its resolving power. 
Ansco is producing a new microfilm which may be marketed under 
the Microline label. This has so far not been available freely but test 
rolls indicate that it will be another excellent product for the micro- 
film user. 
Another important tool is the continuous film printer, the micro- 
film duplicator. The ability to generate contact copies is one of the 
finest features of the roll microfilm system. It enables a library to 
store the master negative and to provide inexpensive copies on re- 
quest. No area of the microfilm field has made as much progress as 
film duplication. Silver print film used for making additional micro- 
film copies from a master has improved enormously. The introduction 
of Kodagraph (now Recordak) fine grain print film marked the ad- 
vent of an outstanding film for image definition. The natural loss in 
image sharpness from negative to copyfilm has been reduced sub- 
stantially with this new film and its latitude, that is its ability to ac- 
cept a variety of negatives of different densities, is also impressive. 
In addition to the classical method of duplicating by means of 
silver film there is diazo film and Kalvar film. Both of these films 
are sensitive to ultraviolet or near-ultraviolet light. It has not yet 
been practical to employ either of these films directly in a camera. 
An experimental camera using Kalvar film has been built but it 
seems probable that some time will elapse before Kalvar film can be 
used routinely for creating the original negative microfilm. The same 
applies to diazo film which is even slower than Kalvar film. Diazo 
and Kalvar film are giant forward steps. Both films dispense with wet 
processing. While diazo film is already well established commercially, 
Kalvar film is relatively new. 
There are two reasons why diazo film did not become established 
in many library photoduplication laboratories. The basic machine 
which prints and processes the film is quite expensive (approximately 
$7,000) and the film, which may be produced less expensively than 
silver film, cannot be rated as archivally permanent. There is evidence 
to support statements by commercial producers of diazo film that the 
film has considerable stability, and it is not unreasonable to expect 
that it will remain unimpaired for about forty years. However, li- 
braries are reluctant to accept dye materials which may be affected 
by light. 
The resolution characteristics of a film, that is its ability to render 
distinct lines in close proximity, are extremely important in micro- 
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photography. Yet it is equally important to realize that resolution 
obtained in a film depends to no small degree on the camera and 
processing equipment available for a specific film. When, as in the 
case of diazo and Kalvar, relatively few pieces of equipment to ex- 
pose and process exist, it becomes preferable to determine the reso- 
lution of a system consisting of camera, or printer and processor than 
to evaluate the resolution of the film alone. Potentially diazo film 
by virtue of its grainless emulsion, is capable of better resolution 
than any other film employed in standard microphotography. In prac- 
tice, however, the best available diazo reproduction system is but 
equal to the best silver film reproduction system. This is not to imply 
that the normal resolution loss in going to one or two additional 
generations is highly critical. I t  is desirable, at any time, to achieve 
maximum sharpness, but in the case of most documents, provided 
that the original negative is of good quality, a considerable resolu- 
tion loss could be tolerated without serious impairment of legibility. 
Since the diazo film image is inside the film rather than on the sur- 
face, the film is more abrasion resistant than its competitors. Diazo 
film is processed with ammonia gas and this requires the printer- 
processor to be situated where ventilation of the machine to the 
outside of the building is possible. Advantages of diazo are the low 
cost of the material, small labor costs, and high speed of film repro- 
duction. 
Kalvar film or more specifically Kalfax Microfilm differs from diazo 
film in several respects. Processing of this film is accomplished by 
means of heat. No liquid or gas is required. The roll-to-roll Kalfax 
Microfilm Printer-Processor sells for $2,000, a most reasonable invest- 
ment for a machine which will produce copyfilms instantly. The 
Kalfax Printer does not produce Kalfax film as rapidly as diazo equip- 
ment prints diazo film, but faster machinery is being developed. Since 
they are completely different there would be no point in subjecting 
either Kalfax or diazo film to standard tests designed to ascertain 
the permanence of silver film. But according to all tests possible Kal- 
fax microfilm is extremely stable. 
The Kalfax image is made of plastic and the film base is mylar. 
Tom film has been an objection to the use of microfilm in libraries. 
It is virtually impossible to tear mylar film. Theoretically the reso- 
lution of Kalfax film is not quite equal to that of diazo film, but it is 
capable of further improvement in a printer-processor with superior 
optical properties. Even the current definition of Kalvar film is en- 
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tirely adequate for all normal library purposes. There is little doubt 
that before long the great majority of photoduplication centers of 
libraries will acquire this type of equipment for fast and economical 
film copying. 
Cost comparisons between Kalfax and silver film methods are com- 
plex. The basic expenditure of less than $2,000 for the Kalfax printer- 
processor is extremely small. Kalfax film is more expensive than silver 
film but reduced labor costs with Kalfax more than compensate for 
the difference in most applications. 
Kalfax film has an appearance very different from traditional films. 
I t  is light in color as compared to the black image of silver film. But 
when it is placed on the reader the projected image is black. In this 
writer's opinion the advent of Kalvar film is the most important ad- 
vance in microphotography in the last decade, and it will probably 
have far-reaching effects in other fields of photography. Considering 
how new this medium is, it has made remarkable progress and there 
is every hope of further improvement and refinement. No doubt in 
due course this film will be used directly in the camera, and that will 
be the beginning of the end for wet-processing methods. In library 
application it may be that certain attributes of Kalfax film with re- 
spect to its use for producing microsheets, as will be discussed later, 
will turn out to be even more important than the benefits derived 
from Kalvar in the roll film system. 
There is one fundamental difference between diazo and Kalfax 
films in addition to those already mentioned, and that is the type of 
image which they produce respectively. Diazo film will produce a 
negative appearing film from an original negative, while Kalvar film 
(like silver film), produces a positive image from an original nega- 
tive. 
The change from wet to dry processing exemplified by Kalfax and 
diazo constitutes a revolution in film processing and both should play 
a prominent role in an expanding micro-library field. 
While the films just discussed still go through separate printing 
and developing stages, however simple, the next dozen years will 
probably bring materials which combine the two steps. Several com- 
panies are trying to harness a process called photopolymerization. 
A demonstration of this process begins with a test tube containing 
a clear, heavy liquid. Under the effect of a narrow beam of light 
directed at a small section of the test tube, the clear liquid in the 
area struck by light becomes solid and turns opaque. From the basic 
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experiment to the final control of the process including the achieve- 
ment of desirable photographic characteristics, good definition, and 
ultimate stability may be a long road. 
One useful attribute of the roll microfilm system is its ability to 
supply paper copies by re-enlargement. In fact, many installations 
are using roll film merely as an intermediate to obtain a full size paper 
copy. This approach has proved to be a highly economical method of 
producing paper prints. I t  seems curious at first that the introduction 
of an intermediate step should bring about a reduction in costs. Yet 
a thorough study of all essential equipment, labor, and technical 
processes involved in direct paper to paper, as against paper to micro- 
film to paper reproduction shows the logic of the system. I t  is a mat- 
ter of going around the mountain instead of over it. Microfilm will 
remain a good intermediate until considerably more versatile and more 
economical equipment is designed. In addition, the equipment re-
quired in the paper-film-paper approach is all needed in the straight-
forward production and reproduction of microfilm. 
The normal method of enlarging from microfilm is by standard 
photographic enlarging technique onto silver paper. This process 
yields excellent reproductions. Darkroom equipment available for 
this purpose is superb and if the microfilm is carefully produced and 
the print correctly processed an archivally permanent print is ob- 
tained whose legibility is either equal or superior to the original 
document. 
The major revolution in microfilm enlarging has been the electro- 
static print. Xerography, the Haloid Company's version of electrostatic 
printing and enlarging, has gained steadily both in quality and in 
areas of application. Until recently the field was dominated by equip- 
ment designed for very large volume operations only and few li- 
braries could justify the rental, let alone acquisition of the equipment. 
At the time this article is written, two machines have been announced 
which are intended for smaller volume operations. Both machines 
make enlarged electrostatic prints from 35 mm, microfilm. One is 
Haloid's 1824 machine, the other the Bruning Company's Copytron. 
The latter has been demonstrated for some time but has not yet been 
delivered in response to orders. Both machines were designed for 
films of engineering drawings, yet both may be quite useable in the 
library. Until the machines are actually on the market they cannot 
be properly evaluated, but the specifications for both machines hold 
the promise of copies somewhat less expensive than silver prints. 
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Unfortunately the economy inherent in these machines will not com- 
pare with that achieved with the large Xerox Copyflo equipment. 
In addition, it is open to question whether the Copytron has mastered 
all the technical problems involved in its process. The Copytron 
utilizes the Electrofax principle rather than the xerographic process. 
The main difference between xerography and the Electrofax process 
is this: xerography creates an image first on an intermediate plate or 
drum. The image in the form of loosely gathered particles is then 
offset to a plain piece of paper and fused permanently to it by means 
of heat. f i e  Electrofax process by means of the same photographic 
and electrostatic principles creates a loose powder image, but this 
time directly on a specially coated piece of paper. The image is then 
fused into the paper just as it is in xerography. In other words the 
Electrofax process cuts out the intermediate plate at the cost of hav- 
ing to use a special zinc oxide coated paper. Zinc oxide is not ex- 
pensive, and presumably once it is in inass production Electrofax 
paper could be produced at a cost only slightly greater than that of 
plain paper. At the moment, the appearance of the zinc oxide coating 
and its affinity for abrasion-marks somewhat impair the quality of 
the copy. The Electrofax process appears to have the potential of 
printing at higher speeds and of doing a better job of halftone re-
production than xerography, but comparing the two processes, it 
should not be forgotten that an established and successful method 
is being compared to a potentially great but unproven system. By 
virtue of its greater simplicity, the Electrofax process can be incorpo- 
rated into other machinery such as microfilm readers more easily than 
the xerographic process. As soon as good electrostatic machinery ca- 
pable of reproducing halftones and geared to a lower volume of work 
than the Copyflo becomes available, electrostatic enlarging should 
gradually replace all silver printing methods in documentary repro- 
duction. 
Another electrostatic method, the Huebner process, also called 
smoke printing, seemed the most promising of all some years ago, 
but unfortunately it appears to be stuck in the development stage. 
Since diazo copy paper, now widely used in direct paper to paper 
copying, is extremely inexpensive and may be processed rapidly in 
either a liquid developer or an ammonia gas, it has been hoped for 
a long time that an enlarging speed diazo paper would come along 
to be substituted for the more expensive silver paper. Recently two 
microfilm enlargers to function with diazo paper have been intro-
PETER SCOTT 
duced. They are the Helios enlargers, both of which are distributed 
by Keuffel and Esser. Diazo paper has not really achieved proper 
enlarging speed. The new papers are somewhat faster than contact 
speed diazo paper, but it is really the modified enlarger with its 
abnormally strong light source which makes enlargement from micro- 
film onto diazo paper possible. The two machines sell for $3,300 and 
$4,900 respectively. This method ~roduces direct positive prints which 
means that a negative microfilm will result in a negative print and a 
positive microfilm in a positive print. With better electrostatic equip- 
ment in the offing it is unlikely that diazo enlargers will be given 
space in the library. 
An interesting and different piece of equipment called the Micro- 
box has recently been imported from Germany by the Filmsort Com- 
pany. The Microbox system, according to the specification sheet, will 
do everything. It serves as a 35 mm, microfilm camera, a microfilm 
reader, and a microfilm enlarger. Metamorphosis from one stage into 
another is achieved quickly by means of attachments. A separate unit 
in the Microbox system is a monobath developing tank. 
The equipment is fairly compact, although it cannot be described 
as portable. The entire system probably does not fit into many opera- 
tions, but if the box is used merely as a stationary rapid microfilm 
camera it will, in conjunction with the processing tank, be useful 
in some libraries. The Microbox camera is normally loaded with a 
thirty-six exposure cartridge of 35 mm. film, although a special maga- 
zine holding one hundred feet of film is obtainable. When six pages 
have been photographed the camera, containing a stainless steel film- 
holder carrying the exposed strip of film, may be transferred to the 
developing tank in daylight. Frame and film are dropped from the 
camera into a monobath solution for development. This is followed 
by a brief immersion in the wash tank which is part of the developing 
unit, with subsequent transfer to a quick drying chamber. The whole 
process, from exposure to completed film strip may be executed in 
less than ten minutes. This is, of course, not an archivally washed film, 
but it does enable the user to produce a short strip of microfilm ex- 
tremely rapidly. The Microbox is capable of photographing books 
about as easily as the rapid copying machines which are found in the 
library. Re-design of the entire Microbox system into a completely 
portable unit would provide a useful tool. 
The Microbox film-monobath combination, produced by the Adox 
Company in Germany, might prove useful independently of the Micro- 
box machinery. 
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The use of color film for microphotography is on the increase. No 
special color film has as yet been designed specifically for this purpose 
nor are present day cameras particularly adaptable to color micro- 
photography. Kodachrome film by virtue of its high resolution has 
been used successfully. No color film is quite as stable as black and 
white microfilm and color photography is expensive. Color is vital 
in the preservation of certain documents and more thought should be 
given to the development of special emulsions and more suitable 
cameras for this purpose. 
When roll microfilm is cut into short pieces each containing a few 
frames, the sections are called film strips. The film strip has been a 
neglected tool for the scholar or researcher. If a single item of informa- 
tion from one to ten pages long is kept by itself on a one hundred foot 
reel, it is hard to handle and no storage space is saved. But if the roll 
of film is reduced to strip form, it becomes a highly useable and very 
economical research material. The strips are filed into plastic sleeves 
or jackets. These are either transparent plastic sleeves holding one 
or more short film strips with provision for a typed title at the top of 
the sleeve, or they are cardboard frames with cutouts into which the 
film is slipped. The over-all sizes of these sleeves or jackets conform 
to standard card sizes from 3 x 5 to 6 x 9 and may be housed in 
appropriate file cabinets or boxes. 
The microstrip system is practical for small collections. Microfilm 
in this form is more accessible than the current type of unindexed 
roll film. A title legible without magnification at the head of the film 
strip sleeve makes it possible to find the material quickly. If the 
original negative is made into strips, the system will become a one 
copy installation since further duplication or enlargement from these 
strips is cumbersome. If there is any possibility that duplicates may 
have to be made from the original film, it had better be kept in roll 
form and a positive copy film cut into strips. Under these circum- 
stances it might be better, however, to make a microsheet positive. 
A machine mechanizing the loading of film into transparent sleeves 
is now available, and this will enhance film strip systems since manual 
loading is time absorbing. Acquisition of this machine is justified only 
in volume operations. Some of the smaller sleeves and jackets may be 
read on roll film readers. The larger ones require microsheet readers. 
Once microsheet equipment has been properly developed the need for 
film strip will probably disappear, except in a few special applications. 
Most librarians prefer the micro-opaque to roll film. This is under- 
standable since storage and handling of the opaque is simpler than 
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that of roll film and a macroscopic legend at the head of each micro- 
opaque readily identifies it. 
As has been stated previously, the microcard has not been devel- 
oped into a copying process but is a method of publication. This limits 
the material obtainable in this form. Nevertheless the bulk of micro- 
opaques is growing and there must be few libraries indeed which 
have no holdings of these cards. 
Micro-opaques are normally encountered in one of three sizes: 3 x 5, 
6% x 8Y2, and 6 x 9 inches, the 3 x 5 card being dominant. The 3 x 5 
and the 6% x 8%cards are printed on photographic paper. The 6 x 9 
format, called microprint card and supplied only by the Readex 
Microprint Corporation, is offset printed. 
In practice it is not normally economical to prepare an edition of 
less than twenty copies in micro-opaque form, and it is not par-
ticularly advantageous to publish a microprint edition of less than 
one hundred. Upward of one hundred copies microprint becomes the 
least expensive method of publication in existence. 
Another form of the micro-opaque which has had numerous indus- 
trial applications but has not entered the library field to any extent 
is strip micro-opaque. Several service agencies offer to contact print 
16 mm. or 35 mm, microfilm onto one hundred foot ribbons of paper 
with a pressure-sensitive adhesive backing. The paper roll can be 
cut into strips and single frames which can then be attached to ordi- 
nary cards of any size. Producers of these micropaper ribbons will 
not normally undertake to copy other than full one hundred foot 
lengths of film. While the use of these strips is undoubtedly valuable 
in certain industrial applications, one would hesitate to recommend 
them for library systems. A card bearing small strips of paper tends 
to be awkward for filing and retrieving, and with heavy use the micro- 
paper might become detached from the card despite the fact that 
the inherent adhesive properties of the strips are impressive. 
The five main readers available for the micro-opaque are the 
Readex Microprint reader, the American Optical reader, the Microlex 
reader, the Eastrnan Kodak Microprint reader, and the Microcard 
series of readers. All the readers are useable. They vary somewhat as 
to their ability to ~ r oduce  sharp images towards the edges of the 
screen, and they differ in the ease with which the micro-opaque may 
be manipulated to bring the desired page on the screen. 
Four of the readers have translucent screens and the image is pro-
jected from the rear of the screen. The most recent addition to the 
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group, the American Optical reader, projects the image down onto 
an opaque screen. This reader is normally sold with a card stage which 
requires the card to be moved manually, but a more complex card 
manipulator is now available as an optional accessory, and it con-
siderably enhances the usefulness of this instrument. Reader prices 
vary from $125 to about $385. 
Despite the fact that the micro-opaque has been in use for quite a 
number of years, no standard specifications of any kind exist. Stand- 
ards for the dimensions of the over-all card size and pertaining to the 
size and arrangement of the micro-images on the cards are close to 
completion and will probably be published in 1960. Additional stand- 
ards governing the quality of micro-opaques with respect to perma- 
nence and legibility are under consideration, as are standards for 
opaque readers. If a micro system involves further reproduction of the 
micro-images the micro-opaque is not at this time the right system, 
since adequate facilities for re-enlargement from a micro-opaque are 
lacking. The Microlex reader has an attachment which enables the 
user to make an enlargement provided that darkroom facilities also 
exist, but it is not a particularly practical method. Some time ago the 
Readex Microprint Corporation demonstrated a prototype micro-
opaque reader-enlarger. This consisted of an American Optical reader 
and an attached electrostatic reproduction unit. The prototype ma-
chine utilized the R.C.A. Electrofax process and looked promising. 
Another machine to make enlargements from micro-opaques by means 
of the same process was developed by the Microlex Corporation, but 
there has been no announcement as to when either machine will be- 
come available. At present the micro-opaque constitutes an excellent 
means for storing information in libraries, provided that reproduction 
from the micro-opaque is not required. 
In Europe experimental micro-opaques have been printed on diazo 
paper at reductions of 100 and 200x. Diazo micro-opaques could be 
produced very cheaply. The eventual advent of diazo opaques will 
extend the use of this form from publication to single copy process. 
Furthermore diazo materials will probably be capable of providing 
sharper reproductions than the currently used silver paper. High re- 
duction diazo opaques, although they may not have the permanence 
of silver paper, should become an important product in the future. 
The microsheet, or microfiche, consists of a transparent film, 3 x 5 
to 5 x 8 inches in size, containing several rows of micro-images. The 
microsheet so far has been used primarily in Europe. I t  requires no 
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crystal ball to predict that microsheet systems will be the most im- 
portant addition to American libraries during the next four or five 
years. There is in fact no logical explanation for the backward develop- 
ment of the microsheet in this country. It may be that this will be- 
come the most prevalent form of the micro-image in libraries within 
a relatively short span of time. 
I t  should be pointed out that the name microfiche is preferred in 
Europe, although the term microsheet occasionally appears in Great 
Britain. On the other hand the word microfiche has not yet been 
accepted universally as indicating a transparency. I t  is sometimes 
called "Transparent microfiche" in differentiation from "Opaque 
microfiche" which is a term occasionally used for a micro-opaque. 
Despite the establishment of the term "fiche" in Great Britain the 
author would favor acceptance of the word microsheet in English 
speaking countries. Microsheet conveys the nature of this microfilm 
and can be added to trade names of microsheet systems more easily 
than the word fiche. Thus Kalvarsheet and Actifilmsheet are more 
acceptable than Kalvarfiche or Actifiche. 
The microsheet, a transparent version of the microcard, inherits 
from the opaque all the advantages inherent in that form while lacking 
some of its disadvantages. A comparison of the microsheet and roll 
film in their present state of technological development suggests that 
information on microsheets may be retrieved more easily than roll 
film images. I t  is easier to store sheets in conventional, readily avail- 
able library file cabinets and reading equipment for sheets is some- 
what less complex than that for roll film. Particularly where the ma- 
terial involved runs from a few pages to approximately 200 to 250 
pages, the microsheet is much more practical in the library than roll 
film. 
While the general picture of microreproduction finds the United 
States ahead of other nations, certain European countries are almost 
nine years in advance of the United States in the use of the micro- 
sheet. The microsheet originated in Holland, where the foremost ex- 
ponent of this type of microphotography is L. J. Van Der Wolk, 
librarian of the Delft Technical University. While the earliest micro- 
sheets were intended only as a single copy process, this form soon 
came to be regarded as an excellent medium for small edition publica- 
tion also. Other European countries, notably France, Germany, Swe- 
den, and England followed the trend, and many current journals from 
all over the world, including some U.S. publications, are now available 
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in this new form. Many European libraries boast of substantial col- 
lections of microsheets in addition to their roll film holdings. 
The only two important applications of the microsheet in the United 
States are both somewhat unusual. One is the micro research card, 
used for publication of geologic information. Although it is called the 
micro research card it is a micro-sheet, a transparent film bearing 
micro-images of seventy five pages, spread over approximately two- 
thirds of the film area available. The rest of the film is punched with 
code holes which enable the reader to use a needle sorting technique 
for quick retrieval of the desired data. The other application of the 
microsheet is the C.I.M. card of the Douglas Aircraft Company which 
uses tab size Actifilm sheets prepared from 35 mm. roll film. Since 
the film prepared for the C.I.M. cards is produced on rotary cameras, 
this particular microsheet will at times bear a continuous image of an 
engineering drawing stretching across the entire card. A rotary camera 
photographs material while film and original drawing are in synchro- 
nized motion, and it is possible therefore to produce a microfilm image 
much longer than the conventional frame of 35 mm. microfilm. The 
C.I.M. cards are printed by means of a machine called the Actifilm 
Printer. 
In recent years several articles on the microsheet have appeared and 
their authors are not in accord in every respect as to the relative merits 
of microsheet and micro-opaque, but they all agree that with present 
day equipment the micro-opaque is primarily a medium for publica- 
tion, while the microsheet may be either a copy or a publication 
medium. The micro-opaque cannot easily be further reproduced. It 
will be an end result until new equipment for copying opaques is 
developed. The microsheet may be reproduced or enlarged more 
easily than the micro-opaque and reader design for the sheet is simpler 
than that for opaques. On the other hand, in Europe the micro-opaque 
has been considered sturdier than the microsheet. This is true for 
microsheets made on silver film, it does not hold good for diazo and 
Kalvar microsheets. Writers on the subject are agreed that there are 
many instances when it is desirable to produce a microcopy possessing 
the superior filing and retrieving attributes of the card, but retaining 
the advantages of the translucent image with respect to reading and 
reproduction. The answer is the microsheet. A comparison of the pro- 
duction costs of an edition of twenty-five microsheets on silver film 
and of a similar number of microcards would favor the microcard by 
virtue of the relatively smaller cost of photographic paper. However, 
[481 I 
PETER SCOTT 
equipment was developed recently which makes it possible to print 
microsheets quickly and easily on dry-processed non-silver materials. 
There are several ways in which a microsheet may be produced. 
The direct method is the exposure of a film sheet in a so-called step 
and repeat camera. This type of camera is loaded with a sheet of silver 
film, and after each exposure the film magazine is advanced by a step 
so that the subsequent image is placed next to the previous one. As 
soon as a row of images is completed the magazine moves back so 
that the next row of images falls directly below the first. This type of 
film has to be processed in a tank or tray. There are difficulties in- 
volved in the direct production of the microsheet by means of a step 
and repeat camera. Only one camera of this type has been offered 
commercially, and this is the Dutch NDR camera designed by J. 
Goebel and used almost exclusively in the preparation of microsheets 
in Europe. While this camera is useable, it leaves much to be desired 
in speed of operation. The basic approach of the step and repeat 
mechanism is subject to criticism since first of all this method makes 
correction for a camera operator's error more difficult than the roll 
film camera does, and furthermore sheet film is not processed as easily 
as roll film. 
An alternative manner of producing microsheets is to prepare a 
standard roll film with subsequent transfer of the information to a 
microsheet. Considering that roll film cameras will be needed in the 
microfilm laboratory anyway, the latter method appears to be prefer- 
able in the library, though not necessarily in industry. Kalvar film and 
diazo film, as described earlier, are vital tools in this method called 
"roll-to-sheet" printing. Potentially both materials can be produced 
quite economically, and there is no doubt that they offer advantages 
which cannot be matched by any other type of microfilm. 
The Kalvakard as it is called (and the name is unfortunate, since 
it conveys an opaque) is the Kalvar Company's microsheet. I t  has 
certain important advantages of its own. The fact that it is heat proc- 
essed makes it the most simply produced microsheet of all, and since 
heat can conveniently be confined to a small area a new concept in 
microphotography is possible. A system can be created in which an 
individual micro-image may be printed and processed on a section of 
Kalvar film without desensitization of the remaining portion of the 
sheet. Kalvar calls this method the "add-a-frame" system. 
Equipment for roll-to-sheet printing is manufactured by two com- 
panies. The Ozalid Company makes a highly mechanized unit called 
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Actifilm Printer selling for $2,600 and available on a rental basis, also. 
In addition Ozalid markets the Uniprinter, a small manual unit sell- 
ing for $180. The Actifilm Printer is a well designed instrument, suit- 
able for medium to heavy production of microsheets. I t  is intended 
for production of Actifilm sheets (the diazo sheet manufactured by 
the Ozalid Company), but the machine can be modified to make it 
suitable for use with Kalvar sheets as well. The preparation of Acti- 
filmsheets in addition to the printer requires an Actifilm processor 
which must be vented since it uses ammonia gas. 
The Kalvar Corporation offers several pieces of equipment designed 
for roll-to-sheet printing. A basic unit is the Kalvakard printer, similar 
to Ozalid's Uniprinter, and also low priced. The small Kalvakard 
Processor which is essentially a revolving hot roller works cleanly 
and efficiently and is designed to process entire sheets, not single 
micro-images. The Kalvakard printer may be used with accessory 
masks to print a single page onto a section of a Kalvakard, and a 
processing unit which will develop such a small area only, is also 
available. All this equipment is low-priced. The add-a-frame principle 
of this system will probably prove sufficiently valuable in the library 
field as well as in office records application to justify the introduction 
of more expensive, mechanically more advanced equipment. If the 
Kalvar sheet is used with the add-a-frame method, it must be stored 
in a translucent, ultraviolet absorbing envelope. The film can then be 
used while in its envelope, since the yellow or orange colored sleeve 
in no way interferes with viewing of the image. When an add-a-frame 
Kalvar sheet is filled with micro-images, the sheet may be fixed and 
removed from its envelope. This removal is of course not mandatory 
and the protection against scratches which the envelope affords the 
sheet may make permanent retention of the envelope worth-while. 
Microsheets as well as roll film are subject to abrasion, and it would 
be desirable to find methods of making the film more immune to 
scratching. Perhaps the answer to this problem lies in a product mar- 
keted by the Permafilm Company. It  is a solution with which the film 
is impregnated and which has found favor in recent years with motion 
picture laboratories. Before this solution may be used for microfilm 
it must be shown that it will not affect either legibility or stability 
of the film. Certainly a scratch-proofing solution would be immensely 
valuable in this field. 
One of the reasons why libraries in this country have been hesi- 
tant to produce and to acquire microsheets, is the almost complete 
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absence of microsheet readers from all libraries. There are, however, 
a number of good microsheet readers available in this country and 
abroad. I t  would be a pity if the advent of the microsheet in the 
American library were to be delayed due to reluctance on the part of 
librarians to purchase a sheet reader. The logical ~rocedure from this 
point on would be to consider the microsheet as an alternative when 
a microfilm project is planned, and to acquire a reader along with the 
first microsheets. This in turn will lead to greater consideration of the 
microsheet as a copy and publication medium. Certainly the reading 
machine will not stand idle for long. I t  would be highly desirable to 
write an American standard or at least a library standard for the micro- 
sheet while it is still in its infancy in order to prevent a flood of illogical 
card sizes, image sizes, and image arrangements. 
An announcement from England promises the early introduction of 
a reader to handle both microsheets and micro-opaques. I t  will be 
marketed by Micromethods, Ltd. If this machine has good reading 
characteristics it will be a valuable asset, particularly in smaller li- 
braries. 
I t  has often been suggested that a microsheet may be read by back- 
ing it with a piece of paper and inserting it into a micro-opaque reader. 
Since micro-opaque readers require a much more intense light source, 
and since to date no specifications for micro-opaque readers have been 
published, some of these readers might damage microsheets with ex- 
cessive heat. 
I t  is of the utmost importance that the microsheet enter the library 
only in the form of complete systems. Title or identification on each 
microsheet ought to be legible with the naked eye, as in the case of 
micro-opaques. 
In order to get the microsheet into general library use, librarians and 
photographic engineers should convene and decide on preliminary 
standards and suitable equipment in order that not merely one or two 
but all libraries could respond to a request for microsheets as an alter- 
native to roll microfilm. These arrangements might well be made 
through the Photoduplication Committees of library associations. 
When the benefits from this microform to the user and to the library 
are evaluated, the slight additional cost of preparing a microsheet will 
be considered more than justified. 
A microform which in recent years has seen greater expansion in 
commercial application than any other is "unitized microfilm." This 
is another offshoot of roll microfilm, and this time the roll is cut into 
even smaller segments than is the case with strip film. Normally the 
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term "unitized microfilm" refers to single frames inserted into aper- 
ture cards, but on occasion the name is misleading and short strips 
rather than single frames are involved. For the sake of convenient 
categorization and in anticipation of new developments expected in 
the near future, it is recommended that the term "unitized" be elimi- 
nated once and for all and the name aperture card be used exclu- 
sively. The prime example of this form is the Filmsort Card, a tab- 
sized, punched card with a cut-out containing a single frame of 
microfilm which is held in the card by means of a special adhesive. In 
view of the rapid commercial expansion of this microform one wonders 
what possible application for it the library might have. So far the 
aperture card has been used primarily in the engineering drawing 
field. Compared to normal page size an engineering drawing is either 
large or very large, and the space saving when engineering drawings 
are microfilmed is considerably greater than it is with standard pages. 
In addition an engineering drawing is frequently consulted by itself 
rather than as part of a series. There is little material in the library 
which, like the drawing, is single item information, difficult to file, 
frequently consulted and which must be copied either frequently or 
intermittently. The aperture cards' inherent economy and efficiency 
in industrial application is not easily transferred to library applications 
and it will be a special library indeed which would justify the acquisi- 
tion of business equipment involved in punching and sorting such 
cards in addition to the considerable cost involved in the purchase of 
aperture cards. If card sorting equipment is present in a certain li- 
brary for other purposes or available for use by that library, material 
may occasionally be found which would justify the expense of an aper- 
ture card system. 
While the Filmsort card can be produced only by commercial micro- 
film services because of the complex production equipment required, a 
different type of aperture card may be home made. This new aperture 
card system marketed by Remington Rand is limited to plain, not 
punched cards. Single frames or short strips of film are placed into 
special plastic sleeves so constructed that they can be snapped into 
cutouts in plain cards. These cards serve not only as a convenient 
handle for manipulation of a single frame of film, but they can bear 
index and other information in normal text size. This type of plain 
aperture card system is less expensive than Filmsort cards but still is 
not cheap. It would seem that the aperture card in its present state of 
development will not find ready application in the library. 
It is difficult to envision mechanization of a library of books. The 
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picture of overhead cranes picking books off the shelves in response 
to electric impulses and delivering them to users two hundred feet 
away, is ludicrous. Yet when information is microfilmed, particularly 
at high reductions, the original document becomes extremely man- 
ageable. A wealth of information may be stored in a small area and 
the film, minute in size and weight, can be handled easily by small 
machines. A union of electronics and microphotography seems desir- 
able. There are two types of systems which have been subject to ex- 
perimentation. One is a microfilm storage unit with a retrieval mechan- 
ism, a keyboard operated machine which in response to a button 
push produces a desired document. This machine is incapable of a 
subject search, and a reference catalog with call numbers for each 
item is required for retrieval. 
The second system contains an intelligence unit which will not only 
retrieve a particular item but will execute a subject search. This sys- 
tem requires film which bears not only reduced size information but 
coded indexing as well. While technically there is no limit to the 
mechanization possible with this kind of system, and while it seems 
likely that micro-images at extreme reductions will greatly facilitate 
the building of information storage and retrieval systems, the eco-
nomic aspects of such machinery are complex. Moreover problems in- 
volved in the intellectual aspects of indexing have not been solved 
at a rate equal to that of technological progress. 
Prototypes of various machines have been built. There is the Rapid 
Selector of the Department of Agriculture which has a retrieval sys- 
tem with limited search facilities. Information is recorded on 35 mm. 
roll film bearing the text images along one edge and the code dots 
along the other. During a search the film is in continuous motion and 
when the machine finds a relevant item of information it copies it by 
means of stroboscopic light. 
A more recent and far more complex example of a microfilm 
storage-search-retrieval system is the Minicard system. This is by far 
the most complex and advanced system utilizing microphotography to 
date. I t  incorporates a host of machines including special high reduc- 
tion cameras, storing, searching, and retrieving equipment as well 
as viewing, enlarging, and processing equipment. In addition there is 
an assortment of sorters, cutters, duplicators, etc. The system is built 
around a tiny microsheet. The cost of installation is expensive, starting 
at several hundred thousand dollars and going much higher for com- 
plete installations. Obviously this is not an individual library unit, 
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although one might envision its application to a new concept in infor- 
mation handling: the central microfilm library with transmitting facili- 
ties to branches all over the United States. The successful application 
of this kind of system to libraries will certainly depend largely on 
improvements in indexing. 
The Filmorex system is a French little brother to the Minicard. A 
less complex and less versatile system than the Minicard, it is also 
considerably less expensive. It is based on a microsheet made from 
35 mm. film, and 60 mm, in length. Each sheet bears a single image 
plus code information. The system, which so far has found no com- 
mercial application in the United States, merits closer investigation. 
Microfilm plays an important part in yet another data processing 
system. Machines have been developed which are referred to as mark 
sensing readers. These machines are capable of detecting pencilled 
crosses and similar marks made on printed forms. One example of 
this is the Bureau of Census form which the census taker completes 
by crossing the relevant boxes. The completed form is microfilmed, 
and the film is fed into a mark sensing machine which electronically 
examines the film. The machine does not scan the entire film, but it 
concentrates on the spots which it knows to contain a pencil mark or 
a blank area. There are three machines of this type, called Fosdic I, 
11, and 111.I and I11 were developed by the National Bureau of Stand- 
ards for the Bureau of the Census, Fosdic I1 is used by the Weather 
Bureau. Fosdic I and I11 read the data out of the microfilm and place 
the information on magnetic tape to be fed into Univac. Fosdic 11, 
after examining microfilm of punched cards and searching for specific 
information, automatically reproduces the desired data. 
Other storage search and retrieval systems based on microfilm 
from 16 to 70 mm. in size have been reported. Normally single proto- 
type machines exist with uncertain production plans. 
The alternative system of electronics plus microfilm omits subject 
search facilities and concentrates on compact storage and quick re- 
trieval. The Benson Lehner Corporation, F.L.I.P. (Film Library In- 
stantaneous Presentation) Machine, contains up to 72,000 frames on 
a single roll of 16 mm. film, and on electronic activation will produce a 
desired frame and project it on a screen. F.L.I.P. was designed for a 
specific purpose and it can hardly be said that it is a complete system. 
Literature on F.L.I.P. contains no information on the machinery 
needed to produce the special 16 mm. film involved. The F.L.I.P. 
selector-reader sells for approximately $50,000. It is an interesting piece 
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of equipment but it will have to become a more versatile system be- 
fore it can be used in libraries. 
Of major interest is a current development at the Crosley Division 
of the Avco Company called the Mechanized Library System. This 
equipment is also intended for dense storage of information in the 
form of high reduction microphotography, but the material is stored 
on film sheets, each containing about 10,000 pages. By means of an 
orthogonal motion of the selector mechanism, direct access to any one 
of a million items is envisioned in less than one second. Unfortunately 
further details pertaining to the Avco system are at present confiden- 
tial, but from the information available this equipment is the most 
promising in its field. An incidental benefit of machine-stored informa- 
tion is the possibility of studying reader habits, that is, their searching 
techniques. I t  would not be difficult to design machines which would 
accumulate statistical "reader habit" data in addition to fulfilling their 
basic storage and retrieval function. 
It is contended, and for good reasons, that the substitution of a 
micro-image for full sized pages in facsimile transmission systems will 
increase their efficiency. This concept was used in the Ultrafax which 
electronically transmits a microfilm image and again exposes micro- 
film at the output end. So far no equipment of this type practical for 
general interlibrary use has been built, but sooner or later there will 
be facsimile systems between libraries using microfilm or micro-opaque 
as an intermediate. 
Of interest is a report by Roger Bristol on experiments conducted 
at the University of Virginia to transmit microcard images by closed 
circuit television. One of the problems, the report indicates, was an 
insufficiency of light in the projection device for the purpose of trans- 
mitting the image. This would not be a problem with a microsheet 
and better definition should also be possible with the latter. The report 
does not discuss the reasons for choosing the microcard for this par- 
ticular experiment. Perhaps the microsheet's greater affinity for sur- 
face scratches was one reason. I t  is to be hoped that further projects 
in this field will appraise the merits of the microsheet along with 
those of the card. 
There is a growing public awareness of the information handling 
problems of libraries and a number of companies are looking to elec- 
tronics and microphotography for their solution. New companies solely 
concerned with information processing systems are being founded, 
among them the young Itek Corporation which appears to be con-
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scious of the value of the microforms and is developing special micro- 
film systems. 
Although there are highly advanced techniques in certain areas of 
microphotography, for instance high-speed microfilm enlarging by 
means of electrostatic equipment, and high reduction storage and 
retrieval systems as complex as the Minicard with its wealth of superb 
equipment, there is nevertheless not a single complete, universally ac- 
ceptable micro-system for the library. 
The question frequently arises: "How much research is done in 
this field?" The author was privileged recently to address the Na- 
tional Microfilm Association on the subject of research in micropho- 
tograph~. The essence of this talk was a proposal for the formation of 
a research center under the auspices of the National Microfilm Asso- 
ciation with a program roughly as follows: 
1. 	Technical Research 
a. 	Development of new products and equipment 
b. 	 Testing 
c. 	 Systems analysis 
d. 	 Customer service 
2. 	Technical Education 
a. 	Technical information service 
b. 	 Publication of technical information bulletins (in microform) 
3. 	Market Research 
a. 	 Search for new markets for microphotography, including 
study of competing techniques 
b. 	 Appraisal of the economic aspects of new ideas submitted by 
consumers and members 
4. 	 Standards 
The matter is currently under study. Certainly such a research pro- 
gram would give major consideration to the requirements of libraries. 
But long before there is a development of this kind libraries should 
analyze their requirements and suggest systems, suggest and possibly 
sponsor research for the missing links in these systems, and write 
additional library standards. 
Industrial research at this time is concerned with further improve- 
ments in the optics of microfilm cameras and readers. The Lodestar 
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reader is certainly a good innovation. Needed more than an improve- 
ment in lenses, condensers, and light sources are microfilm indexing 
techniques. The Avco Mechanized Library System has been discussed 
and this promises to be a useful piece of equipment in the library. 
This project is supported by the Council on Library Resources which 
is also responsible for two other recent noteworthy grants, one to 
Tate to investigate the possible development of a device for producing 
microsheets and another to the DeFlorez Company for construction of 
an automatic book cradle-page turner, a much needed device. 
Other equipment particularly needed in microphotography besides 
the book cradle-page turner now under investigation are a small 
electrostatic microfilm enlarger to be used as a self-service unit in 
libraries, the elusive inexpensive portable film reader, and a unit 
which will automatically feed single sheets to a microfilm camera with- 
out need for a camera operator. This type of unit would probably be a 
combination of printing press feed mechanism and exposure activator. 
To round out general use of microfilm a fool-proof lightweight travel 
microfilm kit is needed, a combination of simple camera, exposing 
lights, book holder, and daylight processing kit. 
At the Massachusetts Institute of Technology the Microreproduc- 
tion Laboratory cooperates with the School of Engineering and stu- 
dents are writing theses on subjects related to microphotography un- 
der the supervision of the head of the laboratory. In addition, there 
are class projects involving minor design problems, which bring 
many undergraduate students into direct contact with microrepro- 
duction. Inevitably this has led to increased interest in this medium. 
Other library photographic laboratories in so far as they are not al- 
ready engaged in this type of activity might find it interesting and use- 
ful to pursue a similar course. 
An association of Library Photoduplication Laboratories for the 
purpose of research on specific library problems would be highly de- 
sirable. 
With popular imagination dwelling on moon rockets, it is becoming 
increasingly difficult to retain one's sense of proportion. Today's meth- 
ods of handling information are primitive and vision is needed. But 
visions which dwell too far in the future can become idle dreams. 
Consideration of computers and of magnetic tape has led many to 
neglect more immediate tools, among them microphotography. 
No doubt revolutionary changes will occur at some point, but today 
the library requires people willing to consolidate available techniques 
into practical systems. 
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